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Summary
Background:  Supracondylar  fractures  of  the  elbow  are  common  in  children.  Their  treatment
is controversial  when  displacement  has  occurred,  although  percutaneous  pinning  is  usually
advocated.
Hypothesis:  In  paediatric  extension-type  supracondylar  fractures  of  the  elbow,  percutaneous
pinning and  crossed  K-wire  ﬁxation  after  open  reduction  via  the  medial  approach  produce  similar
functional  outcomes  and  complication  rates.
Materials  and  methods:  We  retrospectively  reviewed  the  medical  charts  of  58  children  aged  2
to 15  years  who  underwent  surgery  for  extension-type  supracondylar  elbow  fractures  between
2004 and  2008.  Closed  reduction  and  percutaneous  pinning  was  used  in  33  patients  with  a  mean
age of  7  years  and  11  months;  open  reduction  with  cross-wiring  in  25  patients  with  a  mean
age of  7  years.  Functional  outcomes  were  assessed  using  Flynn’s  criteria.  Baumann’s  angle  was
determined  and  postoperative  complications  and  sequelae  were  recorded.
Results:  Outcomes  were  satisfactory  in  30  (90.9%)  patients  treated  with  percutaneous  pinning
and in  23  (92%)  patients  treated  with  open  reduction  and  cross-wiring.  Mean  Baumann’s  angle
at last  follow-up  was  73.9  ±  5.74◦ after  percutaneous  pinning  and  74.76  ±  4.07◦ after  open
reduction and  cross-wiring.  Postoperative  complications  consisted  of  reoperation  in  six  (10.3%)
patients and  iatrogenic  nerve  injury  in  two  (3.4%)  patients.  Cubitus  varus  occurred  in  two  (6.06%)
patients  after  closed  treatment  and  in  one  (4%)  patient  after  open  treatment.  In  each  group,
three (5.1%)  patients  had  greater  than  15◦ of  motion  range  limitation.
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Discussion:  In  children  with  extension-type  supracondylar  elbow  fractures,  outcomes  are  similar
with percutaneous  pinning  and  with  open  reduction  via  the  medial  approach  followed  by  cross-
wiring.
Level of  evidence:  Level  IV,  retrospective  study.
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upracondylar  fractures  of  the  elbow  account  for  16.6%  of  all
ractures  in  paediatric  patients  [1].  The  broad  range  of  non-
perative  and  operative  methods  developed  with  the  goal
f  restoring  normal  elbow  anatomy  include  long-arm  plas-
er  cast  immobilisation,  axial  traction  applied  using  tape  or
 transolecranon  pin,  Blount’s  technique,  elastic  and  stable
ntramedullary  nailing,  external  ﬁxation,  percutaneous  pin-
ing,  and  pinning  after  open  reduction  [2—5]. Percutaneous
inning  is  the  most  widely  advocated  technique  [2—4,6,7].
pen  surgery  is  indicated  in  patients  with  irreducible
ractures,  unstable  fractures,  vascular  complications,  or
ompound  fractures  [1].  In  our  department,  Blount’s  tech-
ique  has  been  preferred  since  the  study  by  Clavert  et  al.
8].  When  Blount’s  technique  fails,  percutaneous  pinning  as
escribed  by  Judet  and  Judet  is  performed  as  the  ﬁrst-line
reatment  when  reduction  is  satisfactory  [9]  and  open  reduc-
ion  via  the  medial  approach  followed  by  crossed  K-wire
xation  otherwise.  This  treatment  algorithm  is  based  on
he  hypothesis  that  percutaneous  pinning  and  open  medial
eduction  with  cross-wiring  produce  similar  functional  out-
omes  and  complication  rates.  We  give  preference  to  the
ess  aggressive  of  these  two  techniques  whenever  possi-
le.  The  objective  of  this  retrospective  study  of  paediatric
atients  with  extension-type  supracondylar  elbow  fractures
as  to  conﬁrm  our  hypothesis  by  comparing  patients  man-
ged  with  percutaneous  pinning  and  those  managed  with
pen  reduction  and  cross-wiring.
aterials and method
tudy  population
e  retrospectively  reviewed  the  medical  charts  of  82
atients  younger  than  15  years  at  the  time  of  treatment
or  extension-type  supracondylar  elbow  fractures.  These
atients  were  managed  between  2004  and  2008  at  the  paedi-
tric  orthopaedics  department  of  the  Hautepierre  Hospital,
trasbourg,  France.  We  excluded  patients  with  ﬂexion-type
ractures,  associated  bony  injuries  in  the  same  limb,  and
ncomplete  data.  Patients  were  included  if  they  received
egular  postoperative  follow-up  for  at  least  3  months.  Of
he  82  patients,  58  met  these  criteria  and  were  included  in
he  study.  There  were  31  (53.4%)  boys  and  27  (46.6%)  girls
ith  a  mean  age  of  7  years  and  6  months  and  an  age  range
f  2  to  15  years.  The  fractures  were  classiﬁed  according  to
agrange  and  Rigault  [10]  (Table  1).
perative  treatmenturgery  was  performed  under  general  anaesthesia  by  a
enior  surgeon  in  all  58  patients.  Time  to  treatment  was
o
i
nsson  SAS.
eﬁned  as  the  time  from  emergency  department  admission
o  arrival  in  the  operating  room.  When  Blount’s  technique
ailed  and  closed  reduction  of  the  fracture  was  satisfactory,
ercutaneous  pinning  was  performed.  When  closed  reduc-
ion  was  not  satisfactory,  open  reduction  was  performed  via
he  medial  approach  then  stabilised  using  crossed  K-wire
xation.  Patients  with  recurrent  displacement  after  percu-
aneous  pinning  were  also  managed  using  cross-wiring.
For  percutaneous  pinning,  the  surgeon  gradually  applied
raction  to  the  limb  with  the  elbow  extended  while  the  assis-
ant  applied  counter-traction  at  the  axilla.  Fluoroscopy  was
sed  to  determine  whether  translation  of  the  distal  humerus
ccurred.  While  gradually  ﬂexing  the  elbow  to  about  120◦,
he  surgeon  applied  direct  pressure  to  the  olecranon  with
he  thumb  to  correct  any  residual  posterior  tilting.  With
he  elbow  ﬂexed,  anteroposterior  and  lateral  radiographs
ere  obtained  to  evaluate  the  quality  of  the  reduction.
n  Esmarch’s  bandage  was  placed  to  maintain  the  posi-
ion.  After  sterile  preparation  of  the  elbow,  two  identical
ires  1.6  to  2  mm  in  diameter  were  inserted  from  lateral  to
edial,  using  a  slow-rotation  power  drill  (Fig.  1).
For  cross-wiring  (Fig.  2),  a medial  incision  centred  on
he  medial  epicondyle  was  performed  and  the  ulnar  nerve
as  isolated  and  placed  in  a  noose.  The  fracture  site  was
hen  approached  via  the  intermuscular  interstice.  Reduc-
ion  was  achieved  and  a  wire  1.6  to  2  mm  in  diameter  was
hen  inserted  from  medial  to  lateral  using  a  slow-rotation
ower  drill.  A  lateral  wire  of  the  same  diameter  was  inserted
ercutaneously  under  ﬂuoroscopic  guidance  starting  at  the
ateral  epicondyle.  The  wound  was  closed  in  two  planes  with
 continuous  intradermal  suture.
In  all  patients,  the  wires  were  bent  back  and  buried  under
he  skin.  A  long  arm  plaster  cast  with  the  elbow  ﬂexed  at  90◦
as  used  in  all  patients  for  45  days,  after  which  the  wires
ere  removed  under  general  anaesthesia.
omparison  of  the  two  operative  techniques
o  compare  the  two  operative  techniques,  we  retrospec-
ively  allocated  the  patients  into  two  groups  based  on
he  surgical  technique  used.  Although  treatment  allocation
as  not  randomised,  provided  the  two  groups  were  homo-
eneous,  this  method  allowed  comparisons  of  treatment
utcomes.  The  percutaneous  pinning  (PP)  group  included  33
atients  (20  boys  and  13  girls)  with  a  mean  age  of  7  years  and
1  months  and  the  open  reduction/crossed  pinning  (OR/CP)
roup  included  25  patients  (11  boys  and  14  girls)  with  a  mean
ge  of  7  years.
Table  1  reports  the  main  epidemiological,  diagnostic,
nd  therapeutic  features  in  the  study  patients.  Associated
njuries  were  present  in  24  (41.3%)  patients  and  consisted
f  vascular  abnormalities  in  nine  (14.5%),  nerve  injuries
n  10  (16.1%),  and  breaks  in  the  skin  in  ﬁve  (8%).  Of  the
ine  vascular  abnormalities,  seven  were  arterial  spasms
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Table  1  Main  epidemiological,  diagnostic,  and  therapeutic  features  in  the  groups  managed  with  percutaneous  pinning  and
open reduction  followed  by  crossed  K-wire  ﬁxation.
Percutaneous  pinning  (n  =  33)  Open  reduction  +  cross-wires  (n  =  25)
Age,  years  [range]  7.95  [2—15]  7  [2—14]
Sex
Male 20  11
Female 13  14
Associated injuries
Vascular 5  4
Skin break 4 1
Nerve
injuries
M 3 M 1
U 1  R  0
M +  R  2  U  +  M  1
NR 1 NR  1
Classiﬁcation  according  to  Lagrange  et  Rigault
Stage III  9  5
Stage IV  24  20
Time to  treatment,  hours  [range] 1.67  [0.45—4]  1.74  [0.5—3.63]
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that  resolved  after  reduction  and  pinning  and  two  were
vascular  injuries  that  required  patch  reconstruction.  A
pressure  sensor  was  placed  in  the  anterior  forearm  compart-
ment  to  allow  postoperative  monitoring.  The  nerve  injuries
consisted  in  neurapraxia  secondary  to  contusion,  stretching,
or  entrapment.  Open  surgery  was  performed  when  closed
reduction  failed,  the  fracture  was  unstable,  vascular  abnor-
malities  persisted  despite  reduction  and  the  application
of  Blount’s  technique,  or  secondary  displacement  occurred
after  Blount’s  technique  (which  was  the  ﬁrst-line  treat-
ment).
Evaluation  of  outcomes
Mean  time  to  fracture  healing  was  45  days  in  both  groups.
Postoperative  functional  outcomes  were  assessed  using
Flynn’s  criteria  (Table  2)  [6].  We  recorded  hospital  stay
length  (mean  ±  SD),  Baumann’s  angle  (mean  ±  SD)  at  the
fractured  elbow,  postoperative  complications  (iatrogenic
nerve  injury,  re-operation,  infection,  and  compartment  syn-
drome),  and  sequelae  (elbow  axis  deviation,  motion  range
limitation,  and  neurological  deﬁcits).  Comparisons  were
Table  2  Flynn’s  criteria  [6].
Results  Cosmetic  factor:
loss  of  carrying
angle  (in  degrees)
Functional  factor:
loss  of  motion  (in
degrees)
Satisfactory
Excellent  0—5  0—5
Good 6—10  6—10
Fair 11—15  11—15
Unsatisfactory
Poor >  15  >  15
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iith  the  Chi2 and  t  tests,  with  P  values  smaller  than  0.05
eing  considered  signiﬁcant.
esults
atisfactory  outcomes  were  noted  in  30  (90.9%)  patients  in
he  PP  group,  23  (92%)  patients  in  the  OR/CP  group,  and
3  (91%)  patients  overall  (Table  3).  The  difference  between
he  two  groups  was  not  signiﬁcant  (P  =  0.8835,  Chi2 test).
ean  hospital  stay  length  was  3.03  ±  1.45  days  (range,  2—7
ays)  in  the  PP  group  and  4.08  ±  1.82  days  (range,  2—7)  in
he  OR/CP  group;  again,  the  difference  was  not  signiﬁcant
P  =  0.2127,  Chi2 test).  Mean  Baumann’s  angle  immediately
fter  surgery  was  78.12  ±  7.31◦ (range,  66—92◦)  in  the  PP
roup  and  78.48  ±  5.96◦ (range,  69—90◦) in  the  OR/CP  group;
he  difference  was  not  signiﬁcant  (P  =  0.8377,  t  test).  At  last
ollow-up,  mean  Baumann’s  angle  was  73.9  ±  5.75◦ (range,
2—90◦)  in  the  PP  group  and  74.76  ±  4.08◦ (range,  70—88◦)
n  the  OR/CP  group  (non-signiﬁcant:  P  =  0.5123,  t  test).
Postoperative  complications  occurred  in  eight  (13.8%)
atients.  They  consisted  in  re-operation  in  six  (10.3%)
atients  and  iatrogenic  nerve  injuries  in  two  (3.4%)  patients.
he  reasons  for  re-operation  were  inadequate  reduction
r  secondary  displacement  detected  on  the  postoperative
adiograph.  Re-operation  was  required  in  ﬁve  patients  in
he  PP  group  and  one  in  the  OR/CP  group  (non-signiﬁcant
ifference,  P  =  0.2021,  Chi2 test).  Both  cases  of  iatrogenic
erve  injury  occurred  in  the  PP  group.  The  median  nerve
as  involved  in  one  patient  and  the  radial  nerve  in  the
ther.  The  outcome  was  favourable  within  4  to  5  months
n  six  (75%)  of  the  eight  patients  with  trauma-related  nerve
njuries  and  in  both  patients  with  iatrogenic  nerve  injuries.
he  two  patients  with  persistent  trauma-related  nerve  dys-
unction  required  electrophysiological  studies.  No  cases  of
nfection  or  compartment  syndrome  were  recorded.
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Figure  1  Stage  IV  supracondylar  fracture  managed  with  closed  reduction  and  percutaneous  pinning:  a:  preoperative  appear-
ance (anteroposterior  view);  b:  preoperative  appearance  (lateral  view);  c:  postoperative  appearance  (anteroposterior  view);  d:
postoperative  appearance  (lateral  view).
Table  3  Outcomes  according  to  Flynn’s  criteria  [6]  in  the  groups  managed  with  percutaneous  pinning  and  open  reduction
followed by  crossed  K-wire  ﬁxation.
Percutaneous
pinning  (n  =  33)
Open
reduction  +  cross-wires
(n  =  25)
Follow-up,  months  [range] 9.7  [3—46]  14.2  [3—55]
Satisfactory results
Excellent  (%)  17  (51.5)  14  (56)
Good (%)  8  (24.1)  5  (20)
Fair (%)  5  (15.2)  4  (16)
Poor results  (%) 3  (9.1)  2  (8)
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(anteroposterior  view);  b:  preoperative  appearance  (lateral  view
Cubitus  varus  was  noted  in  three  (5.1%)  patients;  the
angles  were  10◦,  15◦,  and  25◦,  respectively.  Of  these  three
patients,  two  (6.06%)  had  had  PP  and  one  (4%)  OR/CP.  The
patients  with  15◦ and  25◦ of  angulation  were  managed  by
lateral  closed  wedge  osteotomy  of  the  humerus.  Another
patient  in  the  OR/CP  group  had  10◦ of  cubitus  valgus.
In  each  group,  three  patients  had  greater  than  15◦ of
motion  range  limitation.  In  two  patients  managed  with  PP,
the  cause  was  a  bone  spur  arising  from  the  anterior  metaph-
ysis  (Fig.  3).  Two  patients  in  the  OR/CP  group  reported  pain
at  the  site  of  the  medial  scar.Discussion
Limitations  of  our  study  are  the  retrospective  design,  small
sample  size,  and  absence  of  randomisation,  with  the  surgical
m
t
a
iction  and  crossed  K-wire  ﬁxation:  a:  preoperative  appearance
 postoperative  appearance  (anteroposterior  and  lateral  views).
trategy  being  dependent  on  the  usual  practice  of  a  single
entre.  Thus,  open  reduction  was  performed  when  inade-
uate  closed  reduction  precluded  percutaneous  pinning  or
econdary  displacement  occurred  after  percutaneous  pin-
ing.
The  diverse  range  of  treatment  methods  attests  to
he  challenges  raised  by  extension-type  supracondylar
ractures  of  the  elbow.  The  management  of  severely  dis-
laced  forms  is  controversial  and  has  given  rise  to  various
chools  of  thought.  Advantages  of  percutaneous  pinning
nclude  rapidity  and  absence  of  periosteal  separation  and
issection,  which  result  in  a  minimal  risk  of  infection.
isadvantages  are  the  higher  risk  of  secondary  displace-
ent  and  the  risk  of  iatrogenic  nerve  injury.  The  open
echnique  allows  fracture  reduction  under  visual  guid-
nce,  which  limits  the  risk  of  ulnar  nerve  injury,  but
s  associated  with  higher  risks  of  infection  and  motion
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wFigure  3  Bone  spur  on  the  anterior  metaphysis.
ange  limitation  and  may  result  in  unsightly  or  painful
cars.
Our  assessment  of  outcomes  using  Flynn’s  criteria  showed
o  signiﬁcant  difference  between  percutaneous  pinning  and
pen  reduction  with  crossed  K-wire  ﬁxation  (90.9%  versus
2%  of  satisfactory  outcomes;  P  =  0.8835).  Percutaneous  pin-
ing  has  produced  satisfactory  outcomes  in  95%  to  100%  of
ases  in  earlier  studies  [2,4,11]  and  is  consequently  the  most
idely  advocated  ﬁrst-line  treatment  [2—7,12,13].
The  postoperative  complication  rates  were  8.6  and  22%
n  case-series  of  cross-wire  ﬁxation  [2,13]  and  13.8%  in
ur  study.  Of  eight  postoperative  complications,  six  (10.4%)
onsisted  in  secondary  displacement,  of  which  ﬁve  cases
ccurred  after  percutaneous  pinning  and  a  single  case  after
pen  reduction  and  cross-wiring  (non-signiﬁcant  difference,
 =  0.2021).  Secondary  displacement  was  chieﬂy  ascribable
o  technical  shortcomings.  Crossing  of  the  pins  in  the  frac-
ure  site  is  associated  with  secondary  displacement,  as
ccurred  in  21%  of  cases  in  the  case-series  by  Damsin  et  al.
14]. Therefore,  keeping  the  pins  parallel  and  at  least  10  mm
part  has  been  advocated  [15]. To  avoid  secondary  dis-
lacement,  Judet  and  Judet  [9]  used  either  a  lateral  pin
r  a  thoracobrachial  plaster  cast  to  prevent  shoulder  rota-
ion  or  a  second  lateral  pin  inserted  through  the  olecranon
nd  condyle  into  the  diaphysis.  More  recently,  Skaggs  et  al.
16]  recommended  using  three  diverging  lateral  epicondylar
ins  when  concern  arose  about  the  stability  of  the  ﬁxation.
sing  three  pins  provides  the  same  degree  of  biomechanical
tability  as  the  cross-pinning  technique  described  in  1948
y  Swenson  [17]  and  demonstrated  in  experimental  studies
y  Zionts  et  al.  [18]. Although  the  multiple  drill  homes  in
he  distal  humeral  physis  might  in  theory  impair  epiphyseal
rowth,  this  complication  did  not  occur  in  any  of  the  patients
tudied  by  Skaggs  et  al.  [16].Iatrogenic  nerve  injuries  are  seen  in  about  6%  of  patients
ith  supracondylar  fractures  [19]  and  consist  chieﬂy  in  dam-
ge  to  the  ulnar  nerve  during  percutaneous  pinning,  which
as  been  reported  in  11%  of  patients  [20]. Gurkan  et  al.  [19]
D
T
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eported  iatrogenic  ulnar  nerve  injury  in  4.5%  of  cases  after
eduction  via  the  medial  approach.  The  cause  was  proba-
ly  stretching  of  the  nerve  during  reduction  manoeuvres.
n  contrast,  we  found  no  cases  of  iatrogenic  ulnar  nerve
njury  after  open  reduction.  Electrostimulation  to  identify
he  ulnar  nerve  during  pinning  has  been  advocated  [7,20].
he  favourable  outcome  of  nerve  injuries  in  our  study  is
onsistent  with  earlier  reports  [20,21].
Cubitus  varus  is  the  most  common  residual  abnormal-
ty  after  extension-type  supracondylar  elbow  fractures  in
hildren  [6,14,21].  Cubitus  varus  is  a  cosmetic  rather  than
 functional  disability  and  is  due  to  persistent  distal  frag-
ent  rotation  after  reduction.  Baumann’s  angle  should  be
easured  to  minimise  the  risk  of  cubitus  varus,  [14,22].  In
ur  study,  the  cubitus  varus  rate  was  6.06%  after  percuta-
eous  pinning  and  4%  after  open  reduction  with  cross-wiring.
l-Adl  et  al.  [2]  reported  a rate  of  8.6%  after  percuta-
eous  pinning  and  Shakir  et  al.  [13]  a  rate  of  6%  after
eduction  via  the  medial  approach.  Cubitus  varus  can  occur
fter  all  types  of  treatment  and  remains  stable  over  time
22].  Kohler  et  al.  [22]  suggested  that  correction  might  be
est-performed  18  to  24  months  after  the  initial  injury.
orrection  of  cubitus  varus  relies  on  hemi-epiphysiodesis
r  humeral  osteotomy  [20,22].  In  our  case-series,  we  per-
ormed  lateral  closed  wedge  osteotomy  of  the  humerus.  The
imited  growth  potential  of  the  distal  humeral  growth  plate
oes  not  allow  full  correction  of  architectural  deformities,
nd  anatomic  reduction  must  therefore  be  performed.
Motion  range  limitation  of  the  elbow  is  common  after
upracondylar  fractures,  with  a  rate  of  15%  in  the  study
y  Damsin  and  Langlais  [14]. The  causes  include  soft  tissue
njuries,  posttraumatic  remodelling,  ﬁbrous  surgical  scars,
nd  malunion.  In  our  study,  a  bone  spur  on  the  anterior  meta-
hysis  caused  motion  range  limitation  in  two  patients,  who
ere  managed  with  surgical  release  of  the  elbow.  The  appro-
riateness  of  physical  therapy  in  patients  with  restricted
lbow  motion  remains  controversial.  Long-term  follow-up  is
n  order,  as  the  physical  activities  to  which  children  are  nat-
rally  inclined  result  in  some  degree  of  self-rehabilitation.
onclusion
lount’s  technique  remains  the  preferred  treatment  of
xtension-type  supracondylar  elbow  fractures  at  our  surgi-
al  centre.  When  this  technique  fails  or  is  contraindicated,
ercutaneous  pinning  is  the  ﬁrst-line  alternative,  with  open
eduction  via  the  medial  approach  as  the  second-line  strat-
gy.  In  our  study,  no  signiﬁcant  differences  were  found
etween  percutaneous  pinning  and  open  reduction  with
ross-wiring  in  terms  of  postoperative  stability,  functional
utcomes,  and  complications.  We  believe  these  results  sup-
ort  the  ﬁst-line  use  of  percutaneous  pinning,  which  is
impler  and  less  aggressive  than  open  reduction  and  cross-
iring.isclosure of interest
he  authors  declare  that  they  have  no  conﬂicts  of  interest
oncerning  this  article.
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